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With techniques and materials previously described5 a number of lactones (both naturally occurring and synthetic), and some related compounds, have been shown to have definite in vitro trypanocidal activity. It was further shown that these compounds have therapeutic effect in vivo.
The concept that specific chemical substances can interfere with the action of a chemotherapeutic agent provides an important starting point for the rational synthesis of biologically active compounds and the study of biochemorphology. Although the most important stimulus for this view came from the discovery of the striking relationship between PABA and the sulfonamides, there are many chemically unrelated substances which also interfere with sulfonamide activity. In fact, the earliest examples of drug antagonisms, between SH-compounds and arsenic or mercury, are clearly not between related chemical structures.
The present studies deal with an attempt to relate the recently discovered trypanocidal activity of a group of compounds (represented by a typical member of the group-parasorbic acid) to some known metabolic function. Experimental A method of approach was suggested by the structural similarity of the lactones and known "essential metabolites." It is evident that ascorbic acid is very similar in basic structure to the A2-y lactones. Ascorbic acid itself is somewhat toxic to trypanosomes, but a subinhibitory level had no effect on the trypanocidal action of parasorbic acid (8 hexenolactone). Similarly, pantolactone (a-hydroxy-,8,8-dimethyl--y-butyrolactone) which sometimes acts as an adequate substitute for pantothenic acid,7 is closely allied structurally to the saturated lactone group. In order to determine the relationship of pantothenic acid to lactone activity, calcium pantothenate and its components, pantolactone andfl-alanine, were each added in various concentrations to an anti-trypanosomal titration of parasorbic acid. (Para-sorbic acid was used as the test lactone because of its effectiveness in a range where either inhibition or potentiation of effect could be readily detected and because it had been previously investigated with regard to its mechanism of action in other biological systems.) The results of this experiment are summarized in Table 1 . It seems that f-alanine must exist in a free state, or in one unrelated to the structure of pantothenate, to exert its activity. It was evident that in this system neither the pantothenate nor the pantolactone had any effect at non-toxic levels. These results substantially agreed with those of Hauschka,' and of Buston and Roy,"'2 and their approach was followed in investigating the effects of related amino acids. A summary of the results obtained in tests with 24 amino acids is found in Table 2 . It can be seen from this table that the amino acids fall into three indistinct groups. Some inhibit the trypanocidal effect of parasorbic acid, some have no effect, some potentiate its action. The reversing effect is most definite with ,8-alanine, glycine, and DL-glutamic acid. All the other amino acids have either no effect or a potentiating one. The most marked potentiating effect is seen with DLnorleucine, DL-threonine and a-amino butyric acid. Different concentrations of some amino acids were tested to determine changes in activity. The results of such a study are also presented in Table 2 . Only f-alanine maintains a high level of lactone reversing effect over a wide range of concentrations. The effect of DL-alanine is the most restricted, appearing only at one concentration. The paradoxical effect of cysteine may be explained by the rather high toxicity of cysteine and other reducing substances for trypanosomes. A quantity of cysteine far less than its own inhibitory level shows the characteristic lactone reversing effect that is described by Cavallito and Haskell.3 The fact that amino acids both potentiate and inhibit suggested experiments in which agents representing each type of activity were used simultaneously in a parasorbic acid titration. The results of such experiments are summarized in Table 3 . The data show that when a reversing and a potentiating agent are added simultaneously, the total effect is that of the reversing agent alone. Similarly the racemic mixture of an amino acid acts like the optical isomer which gives the reversing effect.
In order to ascertain a possible reason for the variations in reversing effect by f3-alanine, the importance of time relationships was studied.
Ordinarily, when the effect of an amino acid was tested on the trypanocidal activity of a lactone, both agents were mixed in a tube before the trypanosome culture mixture was added. However, when the reversing agent was added first and allowed to remain in contact with the culture for some time before the trypanocidal agent was added, the final result was quite different. Typical experimental results of this kind are presented in Table 4 . It should be mentioned that no such change in effect occurs when incubation time is similarly varied in the presence of parasorbic acid alone. The influence of increased time of contact with f8-alanine is very marked, giving reversal effects exceeding those obtained by any concentration of ,8-alanine added in the usual manner.
The procedures followed in these experiments have been discussed in detail.' It should be noted that multiple controls were included in each part of each experiment. The separate toxicity of the test agents, as well as of to have a much less reversing effect than Hauschka claimed, but our findings agreed with those of Buston and Roy.`'2 And contrarily, it was found here that glycine and DL-glutamic acid also reversed the activity of parasorbic acid while Hauschka found that they potentiated its effect. The results obtained by mixing inhibiting and potentiating agents and delaying the addition of the lactone seem to indicate a type of competitive enzyme inhibition. Some amino acids may sterically block the approach of the parasorbic acid and potentiating agents, but not of the normal substrates. Such mechanisms involving amino acids have recently been discussed in great detail. 7 Summary The mechanism of trypanocidal activity of lactones was sought in metabolite antagonism, using ascorbic acid and calcium pantothenate. Neither of these had any effect, but in testing portions of the pantothenate moiety, fl-alanine was found to inhibit the activity of parasorbic acid.
Twenty-four amino acids were then tested in lactone-trypanosome systems and found to fall into three, not sharply defined groups-those which potentiated, those which inhibited, and those which had no effect. When an inhibiting and potentiating agent were both added, only the effect of the former was seen. When a lactone inhibitor was incubated with a susceptible organism, the effect of the lactone (added later) was reduced much beyond the expected level.
